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Effective medications have been available to treat seizure disorders for
nearly 150 years. Throughout the history of the modern pharmaco-
logical treatment of epilepsy, AEDs have found application for
nonepileptic conditions. The most important nonepilepsy uses have
been in pain medicine and psychiatry. In 2003, neurologists in the
United States reported that 45% of their AED prescriptions were for
conditions other than epilepsy, with migraine and neuropathic pain
commanding the bulk of them. Among primary care physicians, pre-
scriptions of AEDs for nonepilepsy conditions were higher (63%).
Psychiatrists, not surprisingly, reported writing 96% of their AED
prescriptions for conditions other than epilepsy, predominantly 
bipolar disorder and schizophrenia (S.P. Maes, Decision Resources,
Waltham, Massachusetts).

Most AEDs were developed to treat epilepsy, and their therapeutic
activity in other disorders was identified later. Many of the AEDs cur-
rently in use were discovered more or less fortuitously, often by
screening analogs of compounds with known activity in the central
nervous system1. For example, the identification of imipramine as an
antidepressant was followed by a systematic investigation of the bio-
logical activity of related iminodibenzyl compounds, resulting in the
recognition that carbamoyl derivatives such as carbamazepine have
antiepileptic properties2. When carbamazepine was subsequently

found to be useful in trigeminal neuralgia, other types of neuropathic
pain and bipolar disorder, it was assumed that these actions were the
result of its structural similarity to tricyclic antidepressants; however,
several AEDs with unrelated chemical structures are effective treat-
ments for these conditions (Table 1). It therefore seems plausible that
shared molecular actions underlie the efficacy of AEDs in epilepsy
and nonepileptic conditions. This suggests that epilepsy, pain 
syndromes and affective disorders have common pathophysiological
mechanisms.

Epidemiological evidence indicates that epilepsy, migraine, depres-
sion and essential tremor are comorbid conditions, such that the exis-
tence of one condition increases the risk of the others3. In particular,
epilepsy and migraine are strongly associated: individuals with
epilepsy are 2.4 times more likely to develop migraine than their rela-
tives without epilepsy4. The comorbidity of epilepsy and other
episodic neurological and psychiatric disorders suggests that these
various conditions share one or more common etiologies. If this is
true, it is not surprising that new AEDs often find utility in these
nonepileptic disorders. In a companion article, we review the molecu-
lar and cellular mechanisms through which AEDs act to protect
against seizures5. Here we consider the actions of AEDs in the diverse
other conditions for which they are prescibed.

Sedation and anxiety
The first AEDs, bromides and phenobarbital, were used as hypnotics
and sedatives before their antiepileptic effect was discovered
serendipitously. Phenobarbital is still used for insomnia, although it
has been largely replaced by the much safer benzodiazepines. The
sedative and hypnotic effects of benzodiazepines, similar to their
antiepileptic effects, are due to allosteric positive modulation of
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GABAA receptors, predominantly those containing the α1 subunit6,
anxiolytic effects seem to be dependent on GABAA receptors contain-
ing the α2 subunit. Barbiturates also act through effects on GABAA
receptors, but they have additional actions on Ca2+ and Na+ chan-
nels7. Gabapentin has sedative activity, and emerging evidence 
suggests that it may be anxiolytic8–10, although the underlying 
mechanism is unclear.

Neuropathic pain
Clinical trials indicate that several AEDs, including carbamazepine,
phenytoin, lamotrigine, felbamate and gabapentin, are effective in
neuropathic pain11–14, and in paroxysmal nerve pain states such as
trigeminal neuralgia15 (Table 1). Neuropathic pain results from
chronic injury to sensory neurons, leading to axonal sprouting and
neuroma formation. After such an injury, marked changes occur in
the expression of genes encoding both Na+ and Ca2+ channels, result-
ing in changes in their distribution and composition.

Role of Na+ channels. Changes in the expression of Na+ channels lead
to alterations in their biophysical properties and their abnormal accu-
mulation in nociceptors and sensory nerves. This plasticity in Na+

channel expression is accompanied by electrophysiological changes
that poise these cells to fire spontaneously or at inappropriately high
frequencies, often from ectopic sites16. Among the changes accompa-
nying injury is an increase in tetrodotoxin-sensitive Nav1.3 (type III)
Na+ channels in the cell bodies of sensory neurons17–21 (Figs. 1b and
2). In central neuropathic pain, second-order nociceptive neurons in
the spinal cord dorsal horn also show hyperexcitability and an
increase in Nav1.3 expression22. Nav1.3 produces a Na+ current that
recovers rapidly from inactivation, permitting high-frequency ectopic
firing in injured neurons23.

Of particular importance is the redistribution of Nav1.8 and Nav1.9
from the sensory neuron soma to the peripheral axon at the site of
injury (Fig. 2). Nav1.8 and Nav1.9 are sensory neuron–specific,

tetrodotoxin-resistant Na+ channel α subunits that are thought to be
required for neuropathic pain. Recent evidence indicates that
increased expression of Nav1.8 in uninjured peripheral axons and
nociceptors near the site of injury results in spontaneous ectopic dis-
charges and lowers the threshold for mechanical activation, which is
thought to underlie the paraesthesias, hyperalgesia and allodynia
characteristic of painful neuropathies21,24,25.

Another potentially important change occurs in the expression of
β3 (an auxiliary Na+ channel subunit), which, like Nav1.8, is mainly
expressed in small-diameter pain neurons26,27 (Fig. 2). Nerve injury is
associated with increased  β3 mRNA in these neurons. Because het-
eromeric Na+ channels consisting of Nav1.8 and β3 activate at more
hyperpolarized membrane potentials and generate much larger cur-
rents than those consisting of Nav1.8 alone, upregulation of β3 could
contribute to injury-induced hyperexcitability.

The spontaneous electrogenesis in neuropathic pain has obvious
similarities to that in epilepsy. In fact, there are alterations in Na+

channel expression, including upregulation of Nav1.3 and changes in
β subunits, in both animal models of limbic epilepsy28–30 and human
postmortem or surgically resected epileptic hippocampus31. These
changes suggest that mechanisms underlying epileptic hyperexcitabil-
ity may be similar to those underlying neuropathic pain; however, the
Na+ channel types expressed in brain differ from those expressed in
sensory neurons, and because it has not been possible to assess the
redistribution of Na+ channel subunits within central neurons, the
role of Na+ channels is less firmly established in epilepsy than in neu-
ropathic pain.

Na+ channel–blocking AEDs such as phenytoin and carba-
mazepine are effective in pain states by virtue of the same selective
block of high-frequency action-potential firing that accounts for
their protective activity against seizures. In acute pain, phenytoin
and carbamazepine, when locally administered, have antinociceptive
activity that is substantially more potent than that of the Na+ chan-
nel–blocking local anesthetic lidocaine32. It has been proposed that
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Table 1 Therapeutic activities of AEDs in conditions other than epilepsy

Drug Pain Neuromuscular disorders Psychiatric disorders

Bipolar affective
disorders

Neuro- Trigeminal Migraine Non-epileptic Essential Myotonia Myokymia RLS Dystonia Insomnia Anxiety Alcohol

pathic neuralgia prophylaxis myoclonus tremor (Isaacs’ disordersb withdrawalc,d

pain syndrome)a
Manic Depressed

phase phase

Phenytoin � � � � � �

Carbamazepine � �e � � � � �

Oxcarbazepine � � �

Lamotrigine � � � �

Zonisamide � � �

Valproate � � � � � � �

Topiramate � � � � � �

Gabapentin �f � � � � � �

Levetiracetam � � �

Phenobarbital � �

Primidone �

Benzodiazepines � � � � � � � � �

Vigabatrin

Tiagabine � � �

‘�’ indicates evidence from controlled trials or several open-label trials and general acceptance of utility; ‘�’ indicates less extensive base of evidence. RLS, restless legs
syndrome. For details, see text and refs. 101–109. aAlso episodic ataxia with myokymia. bIncludes panic. cTopiramate has been shown to reduce alcohol consumption and craving
in alcoholics (ref. 110). dCase reports suggest that carbamazepine and valproate may be useful for benzodiazepine withdrawal; topiramate may be useful for opiate withdrawal;
and valproate may reduce cocaine use and craving in addicts111. eCarbamazepine is approved in the United States for trigeminal neuralgia. fGabapentin is approved in the United
States for postherpetic neuralgia. Topiramate may also be useful in the treatment of bulimia and binge eating disorder112,113.
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these AEDs show antihyperalgesic activity in chronic pain by coun-
teracting the hyperexcitability generated by the pathological expres-
sion and redistribution of Na+ channels33. For example,
carbamazepine at the serum concentrations used to treat trigeminal
neuralgia and other painful neuropathies in humans has been
reported to inhibit the generation of spontaneous ectopic impulses
from experimental neuromas34.

In addition to the peripheral changes that occur after nerve injury,
spinal cord neurons show a progressive increase in responsiveness
with repeated activation of C-fibers, known as ‘wind-up’, that is con-
sidered to underlie the phenomenon of ‘central sensitization’ (hyper-
excitability of spinal nociceptive neurons after peripheral damage).
Na+ channel blockers such as lidocaine can suppress wind-up35,
although Na+ channel–blocking AEDs have not so far been shown to
inhibit the phenomenon36. In spinal dorsal horn neurons, Ca2+-
dependent plateau potentials have been implicated in the generation
of wind-up37. Consequently, AEDs that target high voltage–activated
Ca2+ channels, such as gabapentin, lamotrigine, oxcarbazepine and
lamotrigine31, could suppress these plateau potentials and contribute
to antineuropathic pain action.

Role of Ca2+ channels. Selective alterations in the expression of
Ca2+ channel subunits occur in some models of chronic neuro-
pathic pain38. After peripheral nerve ligation injury the α2δ-1 sub-
unit in dorsal root ganglion neurons is markedly upregulated in
association with the development of tactile allodynia39,40 (Figs. 1b,c
and 2). The allodynia in this model is sensitive to gabapentin,
although this drug does not have a general analgesic effect.
Similarly, gabapentin inhibits ectopic discharges of pain fibers after
nerve injury41 and attenuates the responses
of spinal cord dorsal horn neurons to nox-
ious stimulation in the post-injury state
(but not in uninjured animals)42,43, result-
ing in a reduction in experimental allody-
nia. Gabapentin binds with high affinity to
α2δ-1 and α2δ-2 and is thought to inhibit
high voltage–activated Ca2+ currents
through channels that contain these sub-
units (reviewed in ref. 5; Fig. 1a).

Notably, α2δ is not upregulated in all
models of hyperalgesia20,44. In those situa-
tions where α2δ upregulation occurs in
dorsal root ganglion neurons or in the
spinal cord, however, gabapentin does
show antiallodynic effects, supporting the
view that gabapentin blocks neuropathic
pain by inhibiting the excessive excitability
in dorsal root ganglion neurons resulting
from upregulation of α2δ. The aforemen-
tioned ability of gabapentin to inhibit
selectively dorsal horn neuron responses to
nociceptive stimulation after nerve injury
seems to occur by a presynaptic action43;
presumably, the drug functions by reduc-
ing transmitter release from excitatory
afferents that are rendered drug sensitive
because they contain high voltage–acti-
vated Ca2+ channels with α2δ subunits45.
Support for the concept that gabapentin
acts in neuropathic pain through its inter-
action with α2δ comes from studies with

gabapentin analogs that show similar structural specificity for α2δ
binding and activity against allodynia in animal models of neuro-
pathic pain46.

T-type low voltage–activated Ca2+ channels were first described in
sensory neurons, and evidence indicates that these channels are
involved in the transmission of neuropathic pain signals from periph-
eral nociceptors and in the spinal cord47. Ethosuximide48,49 and zon-
isamide50, which block T-type Ca2+ channels5, have beneficial effects
in experimental models of neuropathic pain. In contrast to other
AEDs, however, these drugs have not been reported to be useful in
human neuropathic pain (Table 1). Indeed, recent evidence from α1G
knockout mice indicates that bursting in thalamocortical neurons
mediated by T-type Ca2+ channels has an inhibitory role in pain
transmission51. Consequently, at the level of the thalamus, T-channel
blockers would be expected to reduce this endogenous antinocicep-
tive action of the Ca2+ current, balancing any beneficial effect exerted
in the periphery. T-channel blockers whose action is restricted to the
periphery may be useful analgesics52.

Migraine
Migraine headache is another pain syndrome for which AEDs are
commonly prescribed. Migraine is characterized by episodic pain,
and the paroxysmal nature of the disorder is reminiscent of epilepsy.
Pain in migraine results from the activation of trigeminovascular
afferents from the meninges, which become sensitized in a way simi-
lar to their sensitization in other neurogenic pain states53.

Substantial evidence now indicates that the trigeminovascular sys-
tem is activated by cortical spreading depression, which results from
neocortical hyperexcitability. The mechanisms that underlie the 
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Figure 1 Gabapentin and Ca2+ channel subunit plasticity in chronic pain models. (a) Gabapentin
inhibition of voltage-activated Ca2+ current in a rat sensory (dorsal root ganglion) neuron about 1 week
after chronic constriction injury. Currents were elicited by depolarizing pulses from −85 mV to +30
mV. The current is partially depressed by gabapentin and completely blocked by 200 µM Cd2+.
Reproduced with permission from ref. 114. (b) Quantification of Na+ and Ca2+ channel subunit
mRNA by RT-PCR in a rat L5 dorsal root ganglion after spinal nerve ligation causing mechanical
allodynia and thermal hyperalgesia. Values are normalized to β-actin mRNA. Reproduced with
permission from ref. 20. (c) Time course of the increase in α2δ-1 subunit protein in rat dorsal root
ganglia after spinal nerve ligation, as assayed by western blotting. Results are given as a percentage of
protein on the contralateral side. Reproduced with permission from ref. 44.
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cortical hyperexcitability are unknown, but the phenomenon could
be related to excessive excitatory transmitter release resulting from
alterations in Ca2+ channel function, as occurs in familial hemiplegic
migraine—an autosomal-dominant form of migraine associated with
mutations in the Ca2+ channel α1A subunit54.

Valproate is the only AED currently approved in the United States
for migraine therapy, but recent controlled trials have shown that top-
iramate and gabapentin also reduce the frequency of migraine
attacks55,56 and several other AEDs seem to be promising (Table 1).
These AEDs might act by ameliorating excessive activity in sensitized
trigeminal sensory fibers through their effects on Na+ and Ca2+ chan-
nels, as in other pain states. They could also inhibit the release of
inflammatory mediators, such as calcitonin gene–related peptide,
that are involved in pain generation. In addition, AEDs could act
more proximately by specifically interfering with the neuronal hyper-
excitability that leads to cortical spreading depression, perhaps by
modulating the release of glutamate, inhibiting glutamate-mediated
excitation postsynaptically (as in the case of topiramate, which acts
on kainate and AMPA receptors) or by enhancing inhibition5.

Neuromuscular syndromes
Although they have variable efficacy, AEDs are used to treat numer-
ous movement disorders and neuromuscular syndromes including
nonepileptic myoclonus, essential tremor, paroxysmal types of dyki-
nesias such as paroxysmal kinesigenic dyskinesia or choreoatheto-

sis57–60 and various forms of myotonia 
(Table 1). The molecular basis of most of
these disorders is unknown; however, several
episodic muscle disorders—for example,
potassium-aggravated myotonia, cold-aggra-
vated myotonia, paramyotonia congenita and
hyperkalemic periodic paralysis—are now
known to be caused by mutations that inter-
fere with fast inactivation of the skeletal mus-
cle Na+ channel α subunit SCN4A, leading to
sarcolemmal hyperexcitability.

These syndromes (particularly potassium-
aggravated myotonia and paramyotonia con-
genita) are responsive to local anesthetics
such as mexiletine that act in a manner simi-
lar to that of Na+ channel blocking AEDs to
enhance Na+ channel inactivation and thus
to ‘reverse’ the defect in channel function61.
However, such agents are only modestly
effective. This low efficacy may be explained
by the fact that the anomalous spontaneous
discharges of muscle fibers in myotonia do
not occur at abnormally high rates, so that
muscle Na+ channels cannot accumulate the
degree of drug block that occurs in neuronal
Na+ channels during epileptic discharges62.

Antiepileptic drugs, especially phenytoin
and carbamazepine, are useful in treating
acquired neuromyotonia (Issacs’ syndrome),
a condition in which there is continuous 
rippling movements of the muscles under 
the skin (myokymia)63,64. The disorder is 
due to abnormal activity in the distal portion
of motor nerves resulting from autoanti-
bodies to voltage-activated K+ channels. In
many cases, AEDs completely resolve the

myokymia. Similarly, AEDs, including acetazolamide and phenytoin,
can be useful in treating the myokymia that occurs in episodic ataxia,
an inherited form of neuromyotonia associated with brief attacks of
cerebellar ataxia due to mutations in the Shaker-type K+ channel sub-
unit hKv1.1 (KCNA1)65,66. Notably, KCNA1 is expressed in the juxta-
paranodal region of motor neuron axons as well as in the initial
segments, dendrites and presynaptic nerve terminals of neurons in
the cerebellum and hippocampus. Thus, these channels are appropri-
ately placed to account for the neuromyotonia and cerebellar 
dysfunction and also the seizures that occur in some forms of
episodic ataxia67.

Antiepileptic drugs that enhance GABA-mediated inhibition often
show utility in clinical neurology and psychiatry. For example, benzo-
diazepines, primidone and topiramate are effective for treating essen-
tial tremor68 and nonepileptic myoclonus69. Hyperekplexia (startle
disease)—a rare nonepileptic disorder characterized by an exagger-
ated persistent startle reaction, generalized muscular rigidity and
nocturnal myoclonus owing to a genetic defect in the glycine recep-
tor—also responds to benzodiazepines70,71. Glycine receptors are 
ligand-gated ion channels that, similar to GABAA receptors, are per-
meable to Cl− ions and participate, along with GABAA receptors, in
fast synaptic inhibition in the spinal cord and brainstem. The positive
modulatory effects of benzodiazepines on GABAA receptors presum-
ably compensate for the defective glycine receptor function in hyper-
ekplexia.
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Figure 2 The peripheral and spinal cord afferent pain pathway, showing alterations in voltage-
dependent Na+ and Ca2+ channel subunits after chronic nerve injury associated with neuropathic
pain. There is an increase in the expression of Nav1.3 channels and Na+ channel β3 (Navβ3) and Ca2+

channel α2δ-1 (Cavα2δ-1) subunits in dorsal root ganglion neuron cell bodies, and in the expression
of Nav1.3 in second-order nociceptive neurons in the spinal cord dorsal horn. The tetrodotoxin-
resistant Na+ channel subunits Nav1.8 and Nav1.9 are also redistributed from dorsal root ganglion
neuron cell bodies to peripheral axons and pain receptors at the site of injury. These changes are
thought to result in spontaneous ectopic discharges and lower the threshold for mechanical activation
that leads to paraesthesias, hyperalgesia and allodynia.
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Bipolar affective disorder
Randomized controlled clinical trials have shown that carba-
mazepine, oxcarbazepine, lamotrigine and valproate are effective for
treating bipolar affective disorder72 (Table 1). The delayed clinical
efficacy of AEDs in mood disorders suggests that the underlying
mechanisms may be distinct from those that are relevant to epilepsy,
pain syndromes and neuromuscular disorders.

The molecular origins of bipolar disorder are unknown and the
mechanistic basis of mood stabilizer therapies is similarly obscure73.
Nevertheless, accumulating evidence from brain imaging and post-
mortem histopathology indicates that there is regional brain atrophy
in mood disorders, leading to the view that atrophy or death of glia or
neurons could be central to the pathophysiology74,75. It has been fur-
ther proposed that mood-stabilizing drugs may exert beneficial
actions by attenuating or reversing disease-related impairments in
neuronal plasticity, neurogenesis or cell survival. In this regard, it is
notable that some AEDs, including valproate and topiramate, have
neuroprotective effects, for example, in animal models of stroke or
status epilepticus76–78.

One approach to determining how AEDs exert beneficial effects in
mood disorders is to identify targets that AEDs share with lithium, which
has been the gold standard in the treatment and prophylaxis of bipolar
disorder since its introduction in the 1950s (ref. 79). Berridge et al.80 have
suggested that depletion of inositol by inhibition of the enzymatic break-
down of inositol phosphates to free inositol is the mechanism underlying
the mood-stabilizing action of lithium (Fig. 3a). The resulting reduction
of free intracellular inositol is proposed to slow the recycling of inositol-
containing metabolites required for signal transduction.

As with lithium, the mood-stabilizing action of valproate and car-
bamazepine has been linked to inositol depletion80–83. This effect is
considered to result in stabilization of the structural integrity of neu-
rons and enhancement of synaptic plasticity84. The mood-stabilizing
effects of lithium have been also attributed to the inhibition of glyco-
gen synthase kinase 3β (GSK3β), an enzyme that contributes to many
cellular functions including apoptosis85. Lamotrigine85 and val-
proate86 have similar effects on GSK3β, whereas carbamazepine does
not. Carbamazepine may produce comparable functional effects by
influencing signaling mechanisms upstream of GSK3β (ref. 87).
Other common actions of lithium and valproate are to increase the
activity of the extracellular signal–regulated kinase (ERK) pathway,
which is involved in the differentiation, survival and structural and
functional plasticity of neurons88,89 (Fig. 3b). It has been proposed
that lithium and valproate promote neuronal survival and exert their
antimanic effects through diverse effects on cell signaling90.

In summary, mood disorders may be associated with a disruption
in mechanisms that govern cell survival and neural plasticity, and
emerging evidence now suggests that AEDs with mood-stabilizing
activity can affect signaling pathways to reverse these pathological
events. Because these signaling systems are involved in embryogenesis
and development, it is intriguing to speculate that such actions could
account for the well-recognized teratogenic effects of the AEDs.

Schizophrenia
In addition to their actions in mood disorders, several AEDs, includ-
ing carbamazepine, benzodiazepines, lamotrigine and particularly
valproate, may be efficacious in the treatment of neuroleptic-resistant
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Figure 3 Common effects of AEDs and lithium on cell signaling thought to contribute to long-term effects in mood disorders. (a) In the phosphoinositol
(PI) cycle, lithium and valproate block inositol monophosphatase (IMPase), preventing conversion of inositol-1-phosphate (IP1) to myo-inositol. This leads
to accumulation of inositol monophosphates and depletion of myo-inositol, which reduces phosphatidylinositol-4,5-bisphosphate (PIP2) and its cleavage
products inositol-1,4,5-triphosphate (IP3) and diacylglycerol (DAG), an activator of protein kinase C (PKC). Dampening the PI cycle with lithium treatment
downregulates PKC isozymes. Among PKC substrates, myristoylated alanine-rich C-kinase substrate (MARCKS) is particularly relevant. MARCKS is an
actin-binding protein expressed in neurites and implicated in cytoskeletal restructuring; its expression is downregulated by lithium and valproate, thereby
stabilizing neuronal integrity. (b) In the ERK/mitogen-activated protein (MAP) kinase signaling cascade, valproate activates ERK, resulting in enhanced
transcription of neurogenesis and cell survival factors such as antiapoptotic protein Bcl-2 and the neurotrophin BDNF. Also activated is ERK-regulated
kinase (RSK), which phosphorylates the proapoptotic protein Bcl-2/BclX-associated death promoter (BAD), enabling it to bind 14-3-3 proteins that tether it
in the cytoplasm and thereby impair its ability to antagonize the protective functions of Bcl-2. RSK also activates transcription factors that positively
influence survival. Upstream, ERK is activated by Raf and MAP kinase kinase (MEK). GSK3β is a serine/threonine kinase that influences many cellular
processes and is downregulated by lithium and AEDs. Inhibition of GSK3β is thought to influence gene transcription, leading to antiapoptotic effects and
improved cell structural stability. (See text for references.)
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schizophrenia91,92. Recent data suggest that valproate is a potent
inhibitor of histone deacetylases93,94, which act as negative regulators
of gene expression. Through an action on histone deacetylases, val-
proate has been found to counteract experimentally induced down-
regulation of reelin, a neuronal migration factor, and GAD67, a key
enzyme in GABA synthesis; deficiencies of these proteins have been
implicated in the pathogenesis of schizophrenia95,96. Indeed, reduced
amounts of prefrontal cortical GAD67 are among the most robust and
diagnostically specific findings in postmortem studies of the schizo-
phrenic brain97–99. Valproate could abrogate these pathological
changes and it has been proposed that this might contribute to its
antipsychotic activity100.

Perspective
Antiepileptic drugs were found to be useful in pain medicine, psy-
chiatry and the treatment of other nonepileptic conditions largely
by serendipity and, until recently, the mechanisms underlying
their beneficial actions in these conditions were obscure.
Considerable advances have come from studies using models of
chronic neuropathic pain. It is now recognized that hyperalgesia
and allodynia develop as a result of the pathological plasticity of
Na+ and Ca2+ channels: namely, the redistribution of channels
within neurons and alterations in the expression of specific 
subunits.

The enhanced pathological excitability can be counteracted by
AEDs that act specifically on channels responsible for the injury-
related abnormal activity; this counteraction occurs in a use-
dependent fashion such that pathological high-frequency firing is
affected more than ordinary activity. In addition, for gabapentin at
least, drug binding occurs specifically to a pathologically overex-
pressed subunit. Together, these factors provide AEDs with the ability
to suppress aberrant neuronal firing with minimal effects on normal
ongoing activity. The underlying mechanisms through which the
drugs act in neuropathic pain are similar to those in epilepsy5; at
present, however, the molecular pathophysiological mechanisms are
better established for chronic pain.

In psychiatric conditions, most notably bipolar affective disor-
der, emerging evidence now indicates that the long-term therapeu-
tic activity of some AEDs may involve effects on intracellular
second-messenger systems such the ERK signaling cascade. The
ultimate effects of these actions are postulated to be not alter-
ations in neuronal excitability, but rather beneficial effects on the
structural integrity of neurons and the enhancement of synaptic
plasticity. These drug actions seem to differ fundamentally from
the better-understood effects of AEDs on neuronal firing and
synaptic activity that are relevant in epilepsy; indeed, the relation-
ship, if any, between the two distinct types of activity is uncertain.
Unraveling the mechanisms that underlie the long-term beneficial
effects in psychiatric conditions is one of the most crucial chal-
lenges for AED research.
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